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Relative Resistance to Erythromycin in Chlamydia
trachomatis

ALY MOURAD,t RICHARD L. SWEET, NANCY SUGG, AND JULIUS SCHACHTER*

The George Williams Hooper Foundation, University of California San Francisco,
San Francisco, California 94143

Recent Chlamydia trachomatis isolates were tested in a tissue culture system
for susceptibility to tetracycline, erythromycin, rosaramicin, rifampin, and clin-
damycin. Rifampin was the most active drug (miniimal inhibitory concentration,
-0.02 ,g/ml). Tetracycline and rosaramicin were highly active, with a concentra-
tion of s0.25 ug/ml being chlamydicidal. Clindamycin was least active on a weight
basis, requiring up to 16 ,ug/ml to prevent the passage of chlamydiae into a drug-
free tissue culture system. Relative resistance to erythromycin was detected; two
isolates were capable of limited replication in 1 ,ug/ml.

Chlamydia trachomatis is recognized as one
of the most common of the human sexually
transmitted pathogens (8). It is also an impor-
tant cause of perinatal morbidity in infants. The
advent of tissue culture procedures has facili-
tated isolation of the organism and led, in large
part, to the appreciation of its public health
import. Because chlamydial infections are read-
ily amenable to chemotherapy, a number of
research workers have studied the antibiotic sus-
ceptibility of this organism in tissue culture sys-
tems (1-4, 6, 7, 9). Although there are some
differences in the techniques used, virtually all
research workers have come to the same conclu-
sions. Tetracycline is generally considered to be
the drug of choice; erythromycin is essentially
equivalent to tetracycline in antichlamydial ac-
tivity. Naturally occurring resistance of chla-
mydiae to these two antibiotics has never been
reported. Different testing procedures make it
possible to determine the minimal inhibitory
concentration (concentration of antibiotic which
produces a 50% reduction in inclusion count) or
the miniimal chlamydicidal dose (dose which
prevents inclusion formation and passage of the
organism into a drug-free tissue culture system).
A previous study from this laboratory evalu-

ated the antichlamydial activity of tetracycline,
erythromycin, and rifampin against 11 serotypes
of C. trachomatis (3). In that study, the minimal
inhibitory concentrations of tetracycline and
erythromycin generally ranged from 0.06 to 0.25
,ug/ml, and total suppression of inclusion for-
mation occurred at concentrations of 0.5 to 1.0
,ug/ml. Erythromycin was slightly but statisti-
cally significantly more active than tetracycline.
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Rifampin seems to be the most active of the
antichlamydial antibiotics (2, 3), but this drug is
not routinely used ip clinical situations, and
resistance can be developed readily in the labo-
ratory (5). Because tetracycline is used routinely
to treat chlamydial infections in adults and be-
cause erythromycin is the drug of choice in
chlamydial infection in infants, we have contin-
ued to monitor the antichlamydial activity of
these drugs with new isolates. We report herein
the detection of relative resistance to erythro-
mycin in some recently isolated C. trachomatis
strains.

MATERIALS AND MEETHODS
Assay system. Standard inocula of chlamydial

isolates, pretitrated to yield approximately 300 inclu-
sions per cover slip, were used to infect cycloheximide-
treated McCoy cells. At 2 h after centrifugation of
inoculum into the cells, the medium was replaced with
tissue culture medium containing an antibiotic. Each
dilution was tested in triplicate, and one tube was used
for passage into two new cell monolayers. After cen-
trifugation of passage material, the monolayers were
washed several times with medium containing no anti-
biotic and then incubated for 65 h at 37°C. Inclusion-
negative cover slips were stained with Giemsa stain
and examined again. Each experiment was repeated
twice.
Chlamydial isolates. The chlamydial strains used

were six recent isolates. Three had been obtained from
the cervix, two had been obtained from infants, and
one had been obtained from a throat swab from an
adult male. Four were serotyped as DE (10).

Antibiotics. Antibiotics tested included tetracy-
cline hydrochloride, clindamycin, rosaramicin, and
erythromycin. Pure powder was dissolved and then
diluted in tissue calture medium to yield the final test
concentrations. The activity and concentration of the
antibiotic solutions were verified by bacterial growth
inhibition tests against reference preparations. The
highest concentrations of antibiotics were those con-
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centrations that are readily achieved in blood with the
usual human dosages.

RESULTS
With these antibiotics, the chlamydicidal

levels were never more than one twofold dilution
greater than the highest concentration in which
any inclusions were found. The duplicate tubes
of inclusion-positive cover slips always passed
successfully.
The ranges of endpoints observed are pre-

sented in Table 1. All chlamydial strains were
susceptible to the action oftetracycline (minimal
inhibitory concentration, <0.03; minimal chlam-
ydial dose, <0.25 pg/ml. Clindamycin yielded
similar results with each strain tested. The min-
imal inhibitory concentrations ranged from 0.5
to 1 ,ug/ml, and the miniimal chlamydicidal doses
ranged from 2 to 16 ,tg/ml.

Erythromycin, on the other hand, did not
yield identical results with all strains. Although
most strains were quite susceptible, yielding re-
sults analogous to those of tetracycline, two of
the isolates (one from the conjunctiva of an
infant and the other from an epidemiologically
unrelated cervical infection) were less suscepti-
ble. Both of these isolates required minimal in-
hibitory concentrations of >0.5 ,ug/ml and min-
imal chlamydicidal doses of 1 ,ug/ml. Some
chlamydial replication still occurred at a concen-
tration of 1 ,ug/ml.
A titration of one of these relatively resistant

strains (2 DE) is shown in Table 2. Rosaramicin,
another macrolide antibiotic, was effective
against these isolates. All strains tested lost vi-
ability at <0.25 ,ug of rosaramicin per ml. Inter-
estingly, the relative susceptibilities to these two
macrolide antibiotics were not parallel. Isolate 2
DE, one of the two strains relatively resistant to
erythromycin, was the most susceptible of the
six strains to rosaramicin.
On a weight basis, clindamycin was the least

active antibiotic, requiring a concentration of
approximately 1 ,ug/ml for inhibitory activity
and up to 16 ,tg/ml for a chlamydicidal effect. In
contrast, rifampin was the most active antibiotic,
with a loss of chlamydial infectivity at <0.008
,ug/ml for all isolates.

TABLE 1. Antichlamydial activity of antibiotics
against six recent C. trachomatis isolates

concn (pg/ml)
Antibiotic

Inhibitory Chlamydicidal

Tetracycline 0.008-0.015 0.03-0.125
Erythromycin 0.125-2 1.0 0.5- .1.0
Rosaramicin 0.015-0.06 0.06-0.25
Rifampin 0.0005-0.002 <0.008
Clindamycin 0.5-1.0 2.0-16.0

TABLE 2. Inhibition of C. trachomatis isolate 2 DE
by various antibiotics

% of inclusions in antibiotic-free controLsa
Concn
(jg/ml) Tetra- Eryth- Rosar- Clinda- Rif-

cycline romycin amicin mycin ampin
1.0 - 9 - 2 -
0.5 - 62 - 11 -
0.25 - 100 - 67 -
0.125 - 100 - 89 -
0.06 + 100 - 100 -
0.03 3 100 + 100 -
0.016 13 100 3 100 -
0.008 71 100 30 100 -
0.004 100 100 73 100 -
0.002 100 100 100 100 +

a -, No inclusions detected in the presence of anti-
biotic or in blind passage; +, no inclusions detected in
the presence of antibiotic, but the passage was posi-
tive.

DISCUSSION
Our results confirm that tetracyclines are

highly active against C. trachomatis. Resistance
to this drug has not been found, even when
isolates have been obtained from treatment fail-
ures (after the patients have been treated with
topical tetracyclines). Rifampin was still the
most active drug in vitro.
Clindamycin was tested because it is a drug

often used in treatment of pelvic inflammatory
disease and because its antichlamydial activity
has been noted (1). Chlamydiae have been rec-
ognized as causes of some cases of acute salpin-
gitis. The organism was shown to be suppressed
or killed by concentrations .(8 to 16 ,tg/ml) that
are routinely achieved during clindamycin ad-
ministration.
Erythromycin susceptibility results obtained

with two strains were particularly disconcerting.
These two isolates were more resistant than any
of the other C. trachomatis strains tested in the
past. Both showed some growth at 1 ,Lg of eryth-
romycin per ml. Although chlamydial growth
was still suppressed considerably by this concen-
tration, there was a marked difference in suscep-
tibility compared with the other strains tested.
Generally, one considers 1 to 2 iLg/ml to be the
blood level of erythromycin or tetracycline
reached when treating these infections. Our re-
sults appear to predict that this blood level of
tetracycline would be highly active against all
isolates tested but that erythromycin might not
be as effective. However, this is not necessarily
true, because our results are based on the inhi-
bition of single growth cycles, and the hallmark
of antichlamydial therapy is persistent or long-
term treatment. Thus, resistance by these con-
centrations is probably not clinically relevant,
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but it is of particular concern that this relative
resistance occurs with erythromycin. This is the
drug of choice in treating infants with chlam-
ydial conjunctivitis or pneumonitis. Tetracy-
clines are contraindicated in this population, and
the altemate treatment would have to be sulfon-
amides. Rosaramicin, another macrolide antibi-
otic, was effective, but it is not yet commercially
available. Other workers have found that this
antibiotic is extremely active against C. tracho-
matis in vitro (6, 9). We were surprised that its
antichlamydial effects did not vary along with
the action of erythromycin.
The appearance of this relative resistance may

reflect the increased use of erythromycin in
treating chlamydial infections in women who
cannot take tetracycline or who are pregnant
and in infants. Alternatively, these two isolates
may represent a subpopulation of strains that
have long been circulating but have not been
screened. We have not yet passed these isolates
in the presence of erythromycin to see whether
resistance could be increased. If our studies are

detecting a trend, the ultimate emergence of
erythromycin-resistant strains will be of consid-
erable practical importance.
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